Abstract: Mineral inclusions and coexisting minerals of gem corundum from the Thailand area analysed by SEM-EDS in this study can be divided into sapphire and ruby suites. The sapphire suite includes alkali feldspar (sanidine), nepheline, zircon, hercynite-spinel series and magnetite-hercynite series. The ruby suite includes garnet (pyrope), high-Al diopside ('fassaite') and sapphirine. The mineral chemistry and other data suggest that Thai rubies could have crystallized in high-pressure metamorphic rock of ultramafic/ mafic composition. In contrast, Thai area sapphires could have crystallized in high-grade metamorphic (gneissic) rock or from magmas of highly alkaline composition, located at shallower levels in the lithosphere than those hosting the Thai rubies.
Introduction
Mineral, fluid, melt and structural inclusions are common in gem quality corundum crystals (Hughes, 1997) . Inclusions are classified into three categories according to Gübelin & Koivula (1986) . Protogenetic inclusions formed before the host crystal began to form. Syngenetic inclusions formed contemporaneously with the host crystal. They include euhedral crystals and primary cavities possibly as negative crystals; filled with liquid or gas, liquid þ gas, or liquid þ gas þ solid, primary twinning, colour zoning and healed fractures (feather or fingerprint). Epigenetic inclusions formed after the host crystallized (e.g. various types of fissure, exsolved crystal, transformation twin, and slip or glide twin). Protogenetic and syngenetic inclusions can be difficult to distinguish and Guo et al. (1996a) grouped them together as primary inclusions.
Many studies deal with inclusions in corundum; some authors discuss the origin of corundum with reference to mineral inclusions. Guo et al. (1996a) identified mineral inclusions in corundum samples associated with alkali basalt and separated them into two environmental suites, the alkali felsic suite (feldspar, zircon, uraninite, ilmenorutile, and Fe-Cu sulphides) and the carbonatitic suite (titaniferous columbite, uranpyrochlore and fersmite). They proposed a model of corundum genesis that involved hybridisation between granitic and carbonatite magmas at midcrustal level. Further inclusion species found in such corundum samples and a wider range of origins were given by Sutherland et al. (1998a) . Diamond inclusions (accompanied by graphite and lonsdaleite) in seven rubies from Vietnam and in sapphires (accompanied by graphite) have been reported (Johnson & Koivula, 1997), but remain unconfirmed at this stage. However, corundum is known as inclusions in diamond (Hutchison et al., 2004) .
Corundum from basaltic terrains often contain two distinctive suites based on their trace elements and mineral inclusions (Johnson & Koivula, 1997; Sutherland et al., 1998b) . Firstly, sapphire of magmatic origin (blue-greenyellow suite) contains primary mineral inclusions of feldspars, zircon, Fe-Ti oxides, Nb-Ta oxides, U-Th oxides and rare-earth phosphates. Secondly, sapphire and ruby of metamorphic origin contain primary mineral inclusions of Mgrich spinel, sapphirine, fassaite and garnet. Sutthirat et al. (2001) used such inclusions to give the P-T conditions of the genesis of the host ruby from eastern Thailand. Garland et al. (2001) in a study of Montana sapphires discussed two corundum groups based on mineral inclusions -alkali basalt corundum, containing oxide minerals (hematite, goethite, spinel and hercynite) and metamorphic corundum containing silicate minerals (plagioclase, muscovite, sapphirine and garnet). This study focuses on the identification and characterisation of protogenetic and syngenetic mineral inclusions exposed at the surface of polished sections of Thai area corundum samples. Coexisting minerals found with corundum are also considered. The results provide supporting information on the environment of formation for these corundum samples.
